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FOREWORD 

The  U.S.  microelectronics  industry  is  confronted  with  technological  changes  at  an  unprece- 
dented pace  and  urgency.  This  is  partially  due  to  increased  consumer  expectations,  rapid  product 
evolutions,  and  heightened  international  competition. 

In  response,  the  U.S.  semiconductor  industry  and  the  module  interconnection  industry  have 
developed  technology  roadmaps  to  identify  technology  roadblocks  and  enablers  to  insure  continued 
competitiveness.  A key  element  contained  in  these  roadmaps  is  the  packaging,  interconnection  and 
assemblv  of  semiconductor  components  and  the  manufacture  of  electronic  interconnects. 

NIST  has  recently  reinforced  a series  of  laboratory-based  efforts  to  further  support  the 
measurements  and  standards  infrastructure  of  the  U.S.  commercial  microelectronics  industry  in 
semiconductor  packaging,  electronic  interconnection  and  assembly.  In  parallel,  the  Advanced 
Technology'  Program  (ATP)  is  assisting  the  development  in  U.S.  businesses  of  high-risk  enabling 
technologies  for  new  or  improved  products,  manufacturing,  processes,  and  sendees  in  electronic 
materials,  semiconductor  packaging,  electronic  interconnection,  assembly  and  computer  integrated 
manufacturing. 

This  publication,  entitled  Electronics  Packaging,  Interconnection  and  Assembly  at  NIST:  Guide  and 
Resources,  presents  a comprehensive  inventory  of  NIST  laboratory  activities  in  this  important 
technology  arena.  Intended  to  assist  researchers  and  manufacturers,  the  Guide  presents  a concise 
snapshot  of  NIST  research  activities,  the  measurement  capabilities  and  publications  associated  with 
each  of  these  activities,  and  the  names,  telephone  numbers  and  Internet  addresses  of  people  to 
contact  for  further  information.  In  addition,  the  Guide  presents  a summary  of  ongoing  ATP  awards 
in  the  area. 
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NIST  AT  A GLANCE 

The  National  Institute  of  Standards  and  Tech- 
nology, or  NIST,  is  a non-regulatorv  federal  agency 
within  the  Commerce  Department’s  Technology 
Administration.  First  established  bv  the  U.S.  Con- 
gress in  1901  as  the  National  Bureau  of  Standards, 
or  NBS,  the  Institute  was  renamed  and  assigned  new 
responsibilities  in  1988. 

The  primary  mission  of  NIST  is  to  promote 
economic  growth  by  working  with  industry  to  de- 
velop and  apply  technology,  measurements,  and 
standards.  NIST  carries  out  its  mission  through  a 
portfolio  of  four  major  programs: 

• Laboratory  Research  and  Services  - planned 
and  conducted  in  cooperation  with  industry  and 
focused  on  infrastructure  technologies  such  as 
measurements,  standards,  evaluated  data,  and 
test  methods; 

• Advanced  Technology  Program  - a rigorously 
competitive  program  that  provides  cost-shared 
grants  to  industry  for  development  of  high-risk 
pre-product,  enabling  technologies  with  signifi- 
cant commercial  potential; 

• Manufacturing  Extension  Partnership  - a 
nationwide  network  of  extension  centers  and 
experts  co-funded  bv  states  and  local  govern- 
ments that  provides  hands-on  technical  assis- 
tance to  smaller  manufacturers  for  adopting  new 
technologies;  and 

• Malcolm  Baldrige  National  Quality  Award  - 

a quality  outreach  program  recognizing  quality 
improvement  bv  U.S.  manufacturing  and  sendee 
companies. 

Budget:  $S50  million  (estimated  post-rescission 
fiscal  year  1995  from  all  sources) 

Staff;  About  2.900  scientists,  engineers,  technicians, 
and  support  personnel,  plus  some  1,300  visiting 
researchers  each  vear 

Sites:  Gaithersburg,  MD  (headquarters),  234- 

hectare  campus:  Boulder,  CO,  84-hectare  campus. 


Laboratory  Research  and  Services 

NIST  laboratory  research  and  services  provide 


the  infrastructure  technologies,  such  as  measure- 
ments, standards,  reference  materials,  evaluated  data, 
and  test  methods,  that  LbS.  industry  needs  to  contin- 
ually improve  its  products  and  seivices. 

Planned  and  implemented  in  conjunction  with 
LbS.  industry  through  workshops,  discussion  forums, 
consortia,  and  extensive  cooperative  research  efforts, 
NIST’s  research  expertise  includes  electronics  and 
electrical  engineering,  manufacturing  engineering, 
chemical  science  and  technology,  phvsics,  materials 
science  and  engineering,  building  and  fire  research, 
and  information  technology.  NIST  also  provides 
industry  with  a range  of  technology  sendees.  These 
include  Standard  Reference  Materials  and  Data, 
information  on  national  and  international  standards, 
laboraton'  accreditation,  and  equipment  calibration. 

NIST’s  laboraton'  research  efforts  in  electronics 
packaging,  interconnection,  and  assemblv  draw  upon 
experts  in  the  areas  of  electronics  and  electrical 
engineering,  and  materials  science  and  engineering. 


Advanced  Technology  Program 

The  Advanced  Technology'  Program  (ATP) 
invests  directly  in  the  nation’s  economic  growth  bv 
working  with  industry  to  develop  innovative  pre- 
product technologies  that  have  significant  commer- 
cial potential  but  are  too  riskv  to  be  developed 
quickiv  without  a partnership  between  industry  and 
government. 

Begun  in  1990,  the  program  provides  cost-shared 
awards,  through  a rigorouslv  competitive  process,  to 
both  individual  companies  and  industrv-led  joint 
ventures.  It  accelerates  research  progress  on  promis- 
ing, but  high-risk,  enabling  technologies  that  allow’ 
important  improvements  in  products,  processes,  or 
seivices.  ATP  does  not  fund  product  development. 

The  ATP  currentlv  funds  a number  of  projects  in 
electronics  packaging,  interconnection  and  assemblv 
through  its  general  competitions. 
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Manufacturing  Extension  Partner- 
ship  

There  are  more  than  370.000  U.S.  manufactur- 
er's with  fewer  than  500  employees . These  small  and 
medium-sized  companies  account  for  about  95 
percent  of  all  U.S.  manufacturing  plants  and  about 
half  of  the  nation's  manufacturing  capacity. 

The  Manufacturing  Extension  Partnership 
(MEP)  is  a nationwide  network  of  affiliated  manu- 
facturing extension  centers  dedicated  to  helping 
smaller  manufacturer's  improve  their  competitiveness 
bv  adopting  modem  technologies  and  production 
techniques.  Each  center  is  a partnership  tvpicallv 
involving  federal,  state,  and  local  governments; 
industry;  educational  institutions;  and  other  sources 
of  expertise,  information,  and  funding  support. 


National  Quality  Award 

The  Malcolm  Baldrige  National  Quality  Award 
has  quicklv  become  both  the  EES.  standard  of  quality 
achievement  and  a comprehensive  guide  to  quality 
improvement.  Congress  established  the  awrard  in 
19S7  to  promote  quality  awareness,  to  recognize  the 
quality  achievements  of  EES.  companies,  and  to 
publicize  successful  quality  strategies.  In  conjunction 
u’ith  the  private  sector,  NIST  developed  and  man- 
ages the  award  program. 

A General  Accounting  Office  report  calls  the 
award  criteria,  “the  most  widely  accepted  formal 
definition  of  what  constitutes  a total  quality  manage- 
ment companv.”  About  1 million  copies  of  the 
criteria  have  been  distributed  worldwide,  and  thou- 
sands of  organizations  are  using  the  criteria  as  a 
quality  improvement  roadmap. 


Further  Information 


World  Wide  Web  access 
http://www.nist.gov/ 

General  Inquiries 
(301)  975-305S 

inquiries@enh.nist.gov 

Laboratory  Programs 

Electronics  and  Electrical  Engineering 
(301)  975-  4400 
scace@nist.gov 
http://www.eeel.nist.gov/ 

Materials  Science  and  Engineering 
(301)  975-6741 

michael.schen@nist.gov 

http://www.  nist.gov/itenVAbout_MSEL.html 

Advanced  Technology  Program 
(800)  ATP-FUND 
atp@micf.nist.gov 
http  //www.  atp.  nist.  gov/ 

Manufacturing  Extension  Partnership 
(301)  975-3593 
mepinfo@micf.nist.gov 
http://www.mep.nist.gov/ 

Malcolm  Baldrige  National  Quality  Award 
(301)  975-2036 
oqp@micf.nist.gov 
http://www.nist.gov/nist/qualitv 
_program/ 
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STRATEGIES  AND  ACTIVITIES 


NIST 


National  Semiconductor  Metrology  Program 

Mr.  Robert  Scace,  (301)  975-  4400,  scace@nist.gov 

Advanced  Materials  Program 

Dr.  Michael  Schen,  (301)  975-6741,  michael.schen@nist.gov 

Advanced  Technology  Program 

Dr.  Lura  Powell,  (301)  975-2627,  lura.powell@nist.gov 

Publications:  Page  33. 


NIST’s  activities  in  electronics  packaging, 
interconnection  and  assemblv  are  conducted  within 
its  laboratory  research  program  and  its  Advanced 
Technology  Program  (ATP).  This  Guide  presents  a 
comprehensive  description  of  laboratory  research 
activities  that  directlv  support  this  portion  of  semi- 
conductor and  electronic  interconnect  manufactur- 
ing, and  electronics  assemblv.  In  addition,  the  Guide 
presents  a summary  of  ongoing  ATP  projects  in  the 
area.  Readers  are  encouraged  to  contact  the  persons 
identified  in  the  Guide  to  obtain  further  information 
or  to  discuss  opportunities  for  joint  research. 

The  NIST  laboratorv  program  is  composed  of 
two  interrelated  and  coordinated  efforts. 

• National  Semiconductor  Metrology  Pro- 
gram (NSMP) 

• Advanced  Materials  Program  (AMP) 

Projects  conducted  under  these  two  efforts  draw 
upon  experts  in  electronics  and  electrical  engineering, 
and  materials  science  and  engineering.  In  addition  a 
variety  of  projects  are  also  underway  within  the 
Electronics  and  Electrical  Engineering  Laboratorv  as 
a part  of  that  Laboratory’s  broader  program  to 
support  tire  U.S.  electronics  industry.  These  projects 
provide  package-  and  assemblv-level  measurement 
tools,  reference  standards  and  product  data  exchange 
standards  needed  bv  the  semiconductor  and  elec- 
tronic interconnects  industries. 

Performed  in  conjunction  with  industry  and  uni- 
versity partners,  tire  projects  conducted  at  NIST  seek 
to  reinforce  six  separate  infrastructure  and  technol- 
ogy priorities  described  within  the  various  xrational 
technology  roadmaps  12  and  planning  documents 


1 National  Technolog y Roadmap  for  Semiconductors , 
Semiconductor  Industry  Association,  4300 


derived  from  the  roadmaps * 2  3 44  These  six  priorities 
include: 

• Materials  Metrology 

• Package-  and  Assemblv-level  Metrology 

• Modeling  and  Simulation 

• Materials 

• Data 

• Standards 

Technical  input  used  to  guide  the  planning  and 
implementation  of  the  projects  described  in  this 
Guide  is  derived  from  industry-stated  needs  expressed 
in  tire  roadmaps,  as  well  as  direct  guidance  obtained 
during  workshops,  meetings,  collaborations  or  ongo- 
ing technical  discussions. 

Further  information  on  any  of  these  programs 
can  be  obtained  bv  contacting  the  persons  identified 
at  the  beginning  of  this  section. 


Stevens  Creek  Blvd.,  Suite  271,  San  Jose,  CA 
95129,  phone:  (408)  246-271 1. 

2 

National  Technology  Roadmap  for  Electronic 
Interconnections,  Institute  for  Interconnecting 
and  Packaging  Electronic  Circuits,  2215 
Sanders  Road,  Northbrook,  IL  60062-6135, 
phone:  (708)  509-9700. 

Michael  A.  Schen,  ed..  Metrology  and  Data  for 
Microelectronic  Packaging  and  Interconnection, 
Results  of  a joint  workshop,  Mav  5-6,  1994, 
NISTIR  5520,  November  1994. 

4 Electronics  Manufacturing  Technology  Roadmaps 
and  Options  for  Government  Action,  National 
Electronics  Manufacturing  Framework 
Committee,  Dec.  1994. 
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The  following  paragraphs  provide  a program- 
matic description  of  the  laboratorv-based  and  ATP 
efforts  in  electronics  packaging. 

National  Semiconductor  Metrology 
Program 

The  National  Semiconductor  Metrology  Pro- 
gram (NSMP)  was  established  at  NIST  to  develop 
and  deliver  useful  semiconductor  metrology  to 
industrial  clientele  on  a predictable  schedule.  The 
goals  and  objectives  of  tire  Program  are  directlv 
linked  to  priorities  contained  within  the  National 
Technology  Roadmap  for  Semiconductors.  The 
Program  is  coordinated  with  allied  efforts  undertaken 
bv  SEMATECH  and  the  Semiconductor  Research 
Corporation  (SRC). 

NSMP  presentlv  supports  research  projects 
throughout  NIST  in  semiconductor  lithographv, 
packaging,  material  and  process  characterization,  and 
contamination  control.  In  conjunction  with  scien- 
tists from  the  Materials  Science  and  Engineering 
Laboratory,  and  the  Electronics  and  Electrical  Engi- 
neering Laboratories,  NSMP  supports  activities 
aimed  at  developing  useful  and  robust  measurement 
tools  and  data  for  semiconductor  devices  and  for  the 
materials,  processes,  and  structures  used  in  today's  - 
packaging  schemes. 


Advanced  Materials  Program 

The  Advanced  Materials  Program  (AMP)  in 
electronics  packaging  and  interconnection  supports 
the  manufacture  of  advanced  microelectronic  prod- 
ucts bv  developing  and  delivering  measurement 
tools  and  data  for  materials  and  processes  used  in 
semiconductor  paclcaging,  electronic  interconnec- 
tion and  component  assembly.  The  strategy  used 


to  implement  this  program  is  based  upon  four 
prim  an'  goals.  They  are: 

• devise  techniques  and  procedures  for  making  in- 
situ , in-process  and  in-use  measurements  on 
materials  and  material  structures  having 
micrometer-  and  submicrometer-scale  dimen- 
sions; 

• record  and  quantify  the  divergence  of  material 
properties  from  their  bulk  values  as  dimensions 
are  reduced  and  interfaces  are  approached; 

• develop  and  disseminate  standard  measurements 
and  data  on  materials  in  a form  that  can  be  used 
by  industry;  and 

• develop  fundamental  understanding  of  materials 
used  in  contemporary  packaging  schemes. 

AMP  is  stronglv  linked  to  the  priorities  con- 
tained in  the  national  technology  roadmaps  for 
semiconductors  and  electronic  interconnects  and  is 
coordinated  with  organizations  which  have  a na- 
tional role  in  technology  development  for  the  micro- 
electronics industry.  This  includes  the  SRC, 
SEMATECH,  the  Interconnection  Technology 
Research  Institute  (ITRI),  the  Semiconductor  Indus- 
try Association  (SIA),  the  Institute  for  Interconnect- 
ing and  Packaging  Electronic  Circuits  (IPC),  and  the 
National  Center  for  Manufacturing  Sciences 
(NCMS). 


Advanced  Technology  Program 

The  NIST  ATP  supports  a number  of  industry- 
based  high-risk  technolog)'  development  programs  in 
electronics  packaging,  interconnection  or  assemblv 
through  its  general  competitions.  Technology  areas 
where  grants  have  been  awarded  include  electronic 
materials,  semiconductor  packaging,  electronic 
interconnection,  components  assemblv  and  computer 
integrated  manufacturing. 


Electronics  Packaging.  Interconnection  and  Assembly  at  NIST:  Guide  and  Resources 


NISTIR  5817 


5 


LABORATORY  PROJECTS 


MATERIALS  METROLOGY:  Semiconductor  Packaging 


Adhesion  of  Polymers:  X-ray  and  Neutron  Reflectivity  Techniques 


NIST 


Contact:  Wen-li  Wu,  (301)  975-6839,  wen-li.wu@nist.gov 

Publications:  Page  33 


Polymers  are  used  pervasively  in  the  packaging 
of  microelectronic  components  for  applications  such 
as  adhesives  for  die  attach,  interlayer  dielectrics, 
molding  compounds,  encapsulants,  and  tape  earners 
in  tape  automated  bonding.  Since  many  of  the 
failures  experienced  in  polymeric  electronic  packages 
are  initiated  at  polymer  interfaces  with  materials 
such  as  silicon,  silicon  dioxide,  copper,  aluminum, 
and  other  polvmers,  it  becomes  important  to  under- 
stand the  nature  of  these  interfaces  and  the  parame- 
ters that  control  adhesion. 

In  this  project,  the  interfacial  region  is  being 
studied  bv  using  X-ray  and  neutron  reflectivity  to 
measure  the  influence  of  interaction  with  the  sub- 
strate on  the  physical  properties  of  ultra-thin  poly- 
mer films  (50  to  1000 A).  This  work  should  lead  to 
improved  understanding  of  adhesion  ol  polvmers  to 
dissimilar  substrates  such  as  those  encountered  in 
electronic  packaging  and  advanced  polvmer  compos- 
ites. 

These  techniques  allow  for  the  determination  of 
the  density  profiles  of  atomic  composition  in  the 


interlacial  region  and  for  highly  sensitive  measure- 
ment of  film  thickness  as  a function  of  temperature 
from  which  glass  transition  temperature  as  well  as 
coefficient  of  thermal  expansion  (CTE)  can  be 
determined.  Analogous  experiments  in  constant 
humidity  environments  also  allow  determination  of 
material  hvgrothermal  expansivity. 

Development  of  methods  for  determining  the 
adhesion  strength  between  polvmers  and  aforemen- 
tioned substrates  is  also  included  in  this  project. 

Equipment: 

• NIST  Research  Reactor  and  neutron 
reflectometer  for  examining  Angstrom  thick 
films. 

• X-rav  reflectometer  for  thin  film  CTE  and  glass 
transition  temperature  measurements. 

• Microbalance  with  optical  attachments  for 
determining  the  work  of  adhesion  between 
solids. 

• Contact  angle  goniometer  with  controlled  envi- 
ronment chamber  (Vacuum  Atmospheres,  Inc.). 
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Mechanics  of  Thin  Interlayers:  Viscoelastic  and  Fracture  Behaviors 

Contact:  Greg  McKenna,  (301)  975-6752,  gregory.mckenna@nist.gov 
Martin  Chiang,  (301)  975-5186,  martin.chiang@nist.gov 

Publications:  Page  34 


A major  problem  in  developing  design  criteria  for 
electronic  packages  and  interconnects  is  the  inabilitv 
to  measure  and  model  material  properties  of  rele- 
vance iit  extremely  thin  polymeric  films.  This  is 
especiallv  true  for  the  micromechanical  and  fracture 
characteristics.  Hence  a methodologv  to  study  and 
predict  the  viscoelastic  and  viscoplastic  response  of 
thin  layers  is  important  to  the  packaging  industrv 
and  their  future  products. 

This  NIST  project  is  addressing  these  problems 
bv  developing  methods  to  measure  the  thin  film 
response  of  polymers  in  shearing  deformations  at 
thickness  ranges  from  2 to  25  p.m  and  by  developing 
finite  element  models  with  appropriate  failure 
criteria  for  comparison  with  model  thin  film  adhesive 
systems.  These  dimensions  are  typical  of  polvmer 
thin  film  applications  in  semiconductor  packaging  or 
high  density  interconnect  substrates.  In  this  project, 
napkin  ring  geometry  samples  with  thicknesses 
ranging  from  2-25  pm  are  being  used  in  different 
load  and  temperature  conditions  as  the  starting  point 
for  development  of  a method  to  determine  the  large 
deformation  response  of  thin  polvmer  lavers  or  films. 
The  information  gained  from  these  tests  is  being 
incorporated  into  elastic-plastic  finite  element 


models  of  thin  interlayers.  Evidence  suggests  that 
modeling  of  tire  polvmers  used  in  packaging  applica- 
tions need  to  incorporate  nonlinear  and  time-de- 
pendent  constitutive  behaviors  to  fully  account  for 
the  observed  fracture  behavior. 

It  is  anticipated  this  work  will  result  in  mechani- 
cal testing  techniques  that  can  be  used  to  character- 
ize the  mechanical  response  of  polvmers  in  con- 
strained or  veiy  small  geometries.  This  will  allow 
thin  film  material  response  data  to  be  compared  with 
data  from  macroscopic  samples.  Finite  element 
models  can  then  be  used  to  determine  how'  impor- 
tant the  property  differences  are  for  model  fracture 
toughness  experiments  and  for  typical  electronic 
packaging  applications. 

Equipment: 

• Servo-hvdraulic  mechanical  testing  equipment 
(Instron,  MTS). 

• Video  microscope  and  recording  system. 

• ABAQEIS  Finite  element  analysis  package  for 
workstation. 

• Computer  workstation  (Silicon  Graphics  Inc.). 

• Stereo  microscopy. 
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Moisture  Effects  in  Electronic  Packaging  Resins 


NIST 


Contact:  Greg  McKenna,  (301)  975-6752,  gregory.mckenna@nist.gov 
David  VanderHart,  (301)  975-6754,  david.vanderhart@nist.gov 

Publications:  Page  34 

Related  Work:  Page  8 


The  intrusion  of  moisture  into  the  resins  used  in 
electronic  packaging  is  a major  problem  in  manufac- 
turing and  the  subsequent  performance  of  electronic 
devices.  For  example,  the  presence  of  moisture  and 
its  distribution  in  the  resin  have  potentiallv  deleteri- 
ous effects  during  soldering  of  these  devices  onto 
circuit  boards  owing  to  problems  such  as  the  'pop- 
coni'  effect,  i.e.  the  splitting  open  of  the  resin  pack- 
age. Long  term  performance  of  devices  can  be 
compromised  when  moisture  attacks  the  filler/resin 
interface  due  to  a degradation  of  mechanical  proper- 
ties. Finally,  water-induced  degradation  of  the 
interfaces  between  the  package  and  the  device  mav 
lead  to  corrosion-induced  failure.  It  is,  therefore, 
highlv  desirable  to  have  a fundamental  understand- 
ing of  the  nature  and  distribution  of  water  in  elec- 
tronic packaging  materials.  This  knowledge  will  also 
be  helpful  in  establishing  more  realistic  models  for 
tire  development  of  hvgrothemral  stresses  in  a typical 
chip  package. 


This  project  has  the  goal  of  developing  a funda- 
mental understanding  of  moisture  distribution  and 
tire  kinetics  of  moisture  uptake  in  electronic  packag- 
ing materials  and  chip  encapsulant  resins  in  particu- 
lar. In  these  materials  moisture  can  reside  iir  the 
resin;  at  the  resirr/filler,  resin/metal  and  resin/silicon 
interface;  in  voids  which  result  front  entrained  air; 
and,  iir  dte  case  of  porous  fillers  with  interior  surface 
area,  within  the  filler  itself.  NIST  is  using  solid  state 
nuclear  magnetic  resonance  (NMR)  spectrometry  to 
study  tire  presence  and  distribution  of  water  in  both 
the  filled  and  unfilled  encapsulant  resins,  and  as 
appropriate  in  the  filler  itself. 

Equipment: 

• 200  MHz  solid-state  proton  NMR  spectrometer 

with  fast  recovery  times,  magic-angle  sample 
spinning,  and  capabilities  for  nrultiple-pulse 
irradiation. 
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Publications:  Page  34 

Related  Work:  Page  7 


Polymers  are  essential  components  of  modern 
electronics.  Whether  used  as  adhesives,  dielectric 
layers,  encapsulants  or  electrical  interconnects,  the 
polymers  used  in  electronic  packaging  are  tvpicallv 
applied  as  precursors  which  are  changed  into  their 
final  forms  during  manufacture.  This  NIST  project 
has  the  primary  objective  of  providing  resin  suppliers, 
chip  manufacturers  and  instrument  makers  with 
reliable  data  and  test  methods  for: 

• monitoring  the  cure  of  industrially  important 
resins  during  manufacture; 

• following  and  characterizing  the  moisture  up- 
take of  polvmers  during  storage  and  sendee;  and 

• monitoring  the  effects  of  cure  and  moisture 
uptake  on  residual  stress  and  thermal  conductiv- 
ity. 

Intrared-based  photoacoustic  spectroscopv  has 
been  studied  as  a means  of  monitoring  the  chemical 
and  phvsical  changes  that  take  place  during  the  cure 
of  polvimides.  The  technique  has  been  shown  to 
provide  information  on  tire  nature  of  a polvmer  laver 
while  adhered  to  an  opaque  substrate.  From  the 


cumulative  infrared  absorption  spectra  as  a function 
of  film  depth,  a spectral  “finger-print”  of  the  film 
allows  quantitative  film-to-film  comparisons. 

To  gain  insights  into  the  nature  and  effects  of 
moisture  in  packaging  resins,  NIST  is  conducting 
studies  on  encapsulation  resins.  Popcorning  is  a 
major  problem  in  the  assemblv  of  large,  thin  semi- 
conductor packages.  To  further  understand 
popcoming,  NIST  is  using  near  infrared  spectroscopv 
to  determine  the  quantity  and  phvsical  state  of 
absorbed  moisture,  and  is  using  wafer-bending 
equipment  and  a thermal  pulse  technique  to  examine 
the  effects  of  moisture  on  properties  such  as  residual 
stress  and  thermal  conductivitv. 

Equipment: 

• Photoacoustic  attachment  (MTEC  200)  for 
Fourier  transform  infra-red  (FTIR)  spectrometer. 

• Thin  film  stress  measurement  svstem  (Tenco 
FLX2320). 

• NIST-built  thermal  pulse  apparatus  for 
charge/polarization  distribution  and  thermal 
conductivitv  measurements. 
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Contact:  Fred  Mopsik,  (301)  975-6747,  Frederick. 

Publications:  Page  34 

Related  Work:  Page  1 1,  22 


mopsik@nist.gov 


Insulation  used  in  electronics  applications  must 
meet  high  performance  standards  over  a verv  wide 
range  in  frequency.  As  the  operating  frequency  of  ICs 
increase  and  the  spacing  between  conductors  de- 
crease, the  insulation  can  become  the  limiting  factor 
in  the  performance  of  systems.  Some  of  the  most 
desirable  materials  are  often  available  onlv  as  thin 
films,  creating  additional  measurement  problems  at 
higher  frequencies.  Current  practice,  even  at  1 MHz, 
has  sufficient  uncertainty  to  create  problems  for  the 
semiconductor  industry.  While  low  frequency  tech- 
niques developed  in  this  laboratory  can  cover  the 
range  from  direct  current  (DC)  to  10  kHz,  higher 
frequencies  require  different  methodologies. 

To  provide  more  reliable  measurement  methods, 
this  project  is  working  to  develop  techniques  to 
accurately  measure  tire  dielectric  performance  ot  thin 
film  polymeric  insulators  used  in  electronics  packag- 
ing and  interconnection  applications.  These  high 
frequency  methods  wall  then  be  added  to  existing 
low-frequency  methods  to  extend  the  frequency 
range  to  1 GHz  for  low'  loss  materials.  The  results  of 
this  project  wall  lead  to  the  development  ot  measure- 
ment standards  usable  by  the  electronics  industry  to 
generate  reliable  design  data  on  insulation  systems 
including  polymer  thin  films. 


Four-terminal  precision  inductance,  capacitance, 
resistance  (LCR)  meters  covering  the  frequency  range 
from  100  Hz  to  30  MHz  have  been  added  to  existing 
time-domain  instrumentation  and  a 1 MHz  to  1 
GFIz  impedance  analvzer.  Measurement  uncertain- 
ties and  calibrations  for  the  instruments  have  been 
completed  and  a sample  holder  has  been  designed  tor 
use  in  both  three-  and  four-terminal  configurations 
so  that  onlv  a single  sample  is  needed  for  measure- 
ments from  DC  to  30  MFIz.  Initial  data  on 
polvimide  films  have  shown  the  limits  of  the  com- 
mercial instrumentation  and  indicate  unreliable  loss 
values  toward  the  high  frequency  portion  ot  a given 
instrument's  frequency  range.  Results  also  show  that 
reliable  dielectric  constant  and  loss  data,  with  a 
relative  error  of  better  than  0.1%  just  above  10  KHz, 
increasing  to  1%  at  1 GHz,  on  thin  film  materials 
should  be  possible. 

Equipment: 

• NIST-built  time  domain  spectrometer  from  1 
MHz- 10  kHz. 

• RF/microwave  instrumentation  (includes 
HP42S5A  precision  LCR  meter  from  75  kHz  to 
30  MHz;  HP4191A  impedance  analyzer  from  1 
MHz  to  1 GHz;  Andeen-Hagerling  1 kHz  ultra 
precision  capacitance  bridge). 
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Contact:  Michael  A.  Schen,  (301)  9/5-6741,  michael.schen@nist.gov 

Publications:  Page  35 


Today's  microelectronics  products  rely  heavily 
on  the  use  of  polymeric  materials;  whether  to  pack- 
age and  protect  the  integrated  circuit  or  to  manufac- 
ture printed  waring  boards  and  assemblies.  A key 
parameter  for  the  design  and  reliability  of  polvmer 
containing  products  is  the  out-of-plane  coefficient  of 
thermal  expansion  (CTE).  Consequently,  the  ability 
to  routinely  measure  and  produce  high  quality  data 
on  polymer  z-CTE  is  critical  for  future  high  density 
packaging  and  interconnection  schemes. 

This  NIST  project  is  part  of  a broad -based  NIST 
approach  to  improve  the  capabilities  available  to 
industry  to  measure  and  understand  the  dimensional 
stability  of  polymeric  materials  typically  used  in 
electronics  packaging  and  interconnection  schemes. 
Focusing  specifically  on  z-CTE,  this  research  utilizes 
a t wo  pronged  strategy  that  first  seeks  to  improve 
existing  metrology  commonly  used  in  industry  to 
measure  z-CTE  and  second  to  develop 
manufacturing-  and  research-based  tools  with  en- 
hanced sensitivity  and  accuracy  to  understand  the 
behavior  of  polvmer  thin  films. 

The  project  is  focused  on  two  activities.  The 


first  is  to  improve  the  methodologies  and  test  stan- 
dards presently  employed  in  industry  using  a com- 
mercially available  thermal  mechanical  analyzer 
(TMA).  In  conjunction  with  industry  and  academia, 
NIST  is  developing  an  improved  TMA  testing  meth- 
odology that  utilizes  silicon  single  crystal  as  a work- 
ing standard  against  which  polvmer  measurements 
are  evaluated  and  is  evaluating  the  uncertainties 
associated  with  the  measurement.  Second,  NIST 
has  successfully  developed  and  demonstrated  a 
dimensionally  stable,  nearly  constant  electrode  area 
capacitance  cell  that  can  accurately  measure  the 
thermal  expansion  of  silicon  single  crystal  over  a 
broad  temperature  range.  Viewed  to  be  a much 
superior  technique  for  measuring  z-axis  CTE,  the 
technique  is  being  applied  to  the  characterization  of 
thin  polvmer  films  used  in  microelectronics  manufac- 
turing. 

Equipment: 

• High  precision  capacitance  cell  for  z-CTE  mea- 
surement. 

• Environmental  temperature,  humidity  chamber 
(under  construction). 

• Ultra-precision  capacitance  bridge  (Andeen- 
Hagerling,  1 kHz). 
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Electromagnetic  Properties  of  Materials 

Contact:  Claude  Weil,  303-497-5305,  claude.weil@nist.gov 

Publications:  Page  35 

Related  Work:  Page  9,  22,  20 


Dielectric  and  magnetic  materials  have  wide 
application  throughout  the  electronics,  microwave, 
communication  and  aerospace  industries.  Their 
applications  in  microelectronics  include  printed 
circuit  boards,  substrates,  interlevel  "low-k"  dielec- 
trics, dielectric  and  ferrite  thin-films,  hybrid  elec- 
tronic components,  etc.  NIST  works  closelv  to 
support  the  micioelectronics  and  wireless  industries 
in  a number  of  critical  areas:  a)  evaluating  and 
improving  measurement  methods  used  to  character- 
ize the  complex  permittivity  and  permeability  of 
many  dielectric  and  magnetic  materials  over  the 
RF/microwave  spectral  range  of  300  kHz  to  75  GHz, 
b)  providing  well-characterized  standard  reference 
materials,  c)  providing  measurement  services  to 
customers,  and  d)  organizing  measurement 
intercomparisons. 

This  project  is  involved  in  tw'o  research  tasks 
that  have  specific  application  to  microelectronics  and 
wireless.  First  it  seeks  to  support  the  ATP-funded 
industry  consor  tium  on  printed  wiring  board  (PWB) 
interconnect  svstems  bv  developing  improved  meth- 
ods for  characterizing  the  dielectric  properties  of 
PWBs  at  frequencies  up  to  approximately  6 GHz. 
Much  of  this  effort  lias  centered  on  low-frequency 
capacitor  techniques,  re-entrant  coaxial  cavities  and 


die  split-cylinder  ("Kent")  cavitv,  both  air  and  dielec- 
trically filled.  The  second  is  a collaborative  effort 
with  the  High  Speed  Microelectronics  Metrology 
Project  to  perform  in-situ  measurements  ol  the 
dielectric  properties  of  substrates  and  dielectric  thin 
films  used  in  digital  and  monolithic  microwave 
integrated  circuits  (MMIC).  This  effort  has  been 
expanded  in  FY  96  to  include  SEMATECH,  who  will 
fabricate  IC  test  structures. 

Equipment: 

• RF/microw'ave  instrumentation  (includes  HP- 
851 0B  automatic  netw'ork  analvzer  from  50 
MHz  to  18  GHz,  HP-8753C  ANA  from  300 
kHz  to  6 GHz,  HP-875 1A  ANA  from  5 Hz  to 
500  MHz,  HP-4291ARF  Impedance/Materials 
Analvzer  from  1 to  1800  MHz,  HP-4284A 
Precision  LCR  Meter  from  20  Hz  - 1 MHz). 

• Sampling  components  (includes  7-,  14-  and  77- 
mm  diameter  coaxial  air  line  and  WR-90;  WR- 
284  waveguide  components;  3.5  and  14  mm 
diameter  open-ended  coaxial  probes;  cavity 
resonator  fixtures  for  operation  from  150  MHz 
to  75  GHz). 

• Crvostat  svstem  for  low  temperature  measure- 
ments, from  4 - 120°K  . 

• High  field  strength  DC  electromagnet. 
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Contact:  David  Read,  (303)  497-3853,  david.read@nist.gov 

Publications:  Page  35 


Experimental  mechanics  measurements  have 
been  used  in  conjunction  with  modeling  and  simula- 
tion to  optimize  many  critical  or  high-performance 
macro  scale  structures  such  as  nuclear  pressure 
vessels  and  aircraft.  Accurate  calculation  of  stresses 
allows  quantitative  failure  prediction  and  analvsis, 
where  the  specific  stress  levels  responsible  for  a 
failure  can  be  determined,  and  can  be  compared  to 
the  critical  material  parameter  tor  that  specific 
failure  mode.  The  purpose  of  this  project  is  to 
enable  this  same  level  of  sophisticated  mechanical 
engineering  for  advanced  electronic  interconnect 
structures.  Quantitative  experimental  measurements 
of  displacements  on  the  microscale  are  needed  to 
verify  that  modeling  and  simulation  results  are 
accurate  and  to  guide  the  analvsis.  Experimental 
mechanics  observations  allow  the  workings  of  the 
failure  modes  to  be  examined  before  and  duiing 
failure. 

Optical  moire  techniques  including  geometrical 
moire  and  moire  interferometry  have  advanced  to  a 
high  level  of  sophistication.  Use  of  electron  beam 
moire  takes  advantage  of  the  greater  magnification 
and  depth  of  field  of  the  scanning  electron  micro- 
scope to  extend  moire  techniques  further  into  the 
microscale.  The  technique  requires  the  writing  of  a 
line-  or  cross-grating  on  the  specimen  surface.  When 
the  spacing  of  the  raster  scans  of  the  SEM  nearlv 
matches  the  grating  pitch,  a geometrical  interference 
occurs,  and  moire  fringes  are  produced  in  the  SEM 
image.  The  density  of  moire  fringes  is  proportional  to 
the  strain  relative  to  the  reference  state. 

We  have  verified  this  technique  on  a classical 
fiber-matrix  composite  using  mechanical  loading. 
For  electronic  interconnect  structures  the  stresses  are 


thermomechanical,  so  these  are  not  loaded  mechani- 
cally, but  instead  are  heated  or  cooled  in  situ  in  the 
SEM.  We  use  this  procedure  to  examine  the 
thermomechanical  behavior  of  plated-through-holes 
in  printed  wiring  boards  and  of  a copper-polvmer 
high  density  interconnect  structure.  We  are  cur- 
rently studying  mechanical  behavior  of  interfaces  in 
conductive  adhesives,  both  isotropic  and  anisotropic, 
and  strains  at  the  solder  ball  interfaces  in  ball  grid 
arravs. 

Currently,  0.  I -/urn-pitch  line  gratings  over  a 50- 
pm  field  of  view  can  be  used  in  some  materials. 
Coarser  gratings  are  used  on  highly  heterogenous 
interconnect  structures.  A heating-cooling  stage  in 
the  scanning  electron  microscope  (SEM)  allows 
examination  of  themiomechanical  strains  at  tempera- 
tures from  -50  to  +150  °C.  Analysis  of  the  digitallv- 
acquired  SEM  images  allows  NIST  to  quantify 
strains  within  cross-sectioned  devices  and  compare 
them  to  predictions  front  finite  element  modeling. 

Comparison  of  experimental  results  with  model- 
ing and  simulation  is  much  more  useful  than  experi- 
mental results  alone.  We  look  to  collaborators  in 
academia  and  industry  in  order  to  undertake  projects 
that  include  both  experimental  and  numerical  com- 
ponents. 

Equipment: 

• Scanning  electron  microscope,  including  special 

accessories  for  electron  beam  lithographv. 

« Mechanical  and  thermal  testing  stages  for  the 
SEM. 

• Digital  image  acquisition  and  analvsis  software 

for  extracting  displacements  and  strains. 
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Contact:  David  Read,  (303)  497-3853,  david.read@nist.gov 

Publications:  Page  36 


The  micromechanical  properties  of  thin  metal 
and  polymer  films  are  fundamental  to  the 
manufacturability  and  reliability  ot  advanced  inte- 
grated circuits  and  interconnect  systems.  The  thin 
metal  lavers  found  in  advanced  interconnection 
structures  are  fabricated  using  special  techniques 
such  as  physical  vapor  deposition  and 
eletrodeposition.  Hence  their  microstructures  and 
their  mechanical  properties  are  usually  quite  differ- 
ent from  those  of  the  bulk  material  with  the  same 
chemical  composition.  Consequentlv,  test  proce- 
dures optimized  for  bulk  materials  often  cannot  be 
applied  to  materials  found  in  packaging  and  inter- 
connect structures.  NIST  is  working  with  the  micro- 
electronics and  materials  industries  to  apply 
micromechanics  to  their  problems  and  to  provide 
useful  data  on  industrially  important  materials  and 
structures.  This  project  has  two  primary  goals: 

• develop  in-situ  measurement  techniques  for 
micromechanical  properties;  and 

• develop  accurate  material  mechanical  property 
information. 

NIST  has  developed  a method  that  accurately 
measures  tire  mechanical  properties  ol  thin  films  and 
is  using  it  to  studv  the  mechanical  properties  of 
suspended  films  ot  aluminum  and  copper.  Speci- 
mens are  produced  using  micro-photolithographv 
steps  similar  to  those  used  in  the  fabrication  of 
electronic  interconnect  structures.  A specimen  film 
is  deposited  by  electron  beam  evaporation,  sputter- 
ing, or  electrodeposition  on  a pre-patterned  silicon 
substrate.  The  film  is  patterned  to  form  narrow 
strips  similar  in  shape  to  standard  tensile  coupons 
used  for  sheet  metal,  except  much  smaller.  The 
silicon  is  removed  horn  underneath  the  gage  sections 
by  etching,  leaving  the  tensile  specimen  freely  sus- 
pended across  a silicon  frame.  Tens  of  such  speci- 
mens can  be  produced  on  a single  silicon  wafer.  The 
gage  section  of  the  tensile  specimen  is  200  pm  wide 
bv  700  pm  long.  Specimens  from  0.25  to  2.5  pm 
thick  have  been  tested.  One  of  the  goals  of  the 


project  is  to  reduce  these  dimensions  to  sizes  closer 
to  those  used  in  interconnect  lavers  on  modem 
integrated  circuits.  These  have  similar  thicknesses, 
but  widths  less  than  1 pm. 

A custom-made  microtensile  apparatus  is  used  to 
test  these  specimens.  The  tester  is  rigid  enough  to 
allow  the  silicon  frame  to  be  severed  without  damag- 
ing the  specimen.  Piezoelectric  stacks  provide  tensile 
displacements  controllable  to  a few  tens  of 
nanometers.  Closed  loop  control  allows  ramp  or 
sinusoidal  load  or  displacement  functions  to  be 
applied.  The  tester  fits  into  a microscope,  so  the 
specimen  can  be  observed  during  the  test. 

Results  to  date  indicate  that  the  vield  and 
ultimate  strengths  of  pure  copper  and  aluminum  thin 
films  are  considerably  higher  than  these  same  materi- 
als in  bulk  form.  This  behavior  can  be  explained  bv 
tire  very  small  grain  sizes  of  the  thin  films.  The  films 
tested  to  date  have  a much  lower  elongation  to 
failure  than  the  handbook  values  for  bulk  materials. 
These  elongation  values  are  also  less  than  elongations 
reported  for  thicker  specimens  of  materials  with 
comparable  grain  sizes.  Tensile  tests  within  the 
transmission  electron  microscope  are  being  used  to 
studv  this  behavior.  It  is  believed  that  in  the  thin 
films  dislocations  are  more  likely  to  escape  from  the 
surface  and  to  accumulate  at  grain  boundaries,  and 
axe  less  likely  to  travel  long  distances,  compared  to 
bulk  inaterials. 

The  closed-loop,  piezoelectric-driven  tester  also 
lends  itself  conveniently  to  fatigue  studies.  For 
example,  duiing  a recent  evaluation  of  the  tension- 
tension  fatigue  resistance  of  copper  thin  films,  several 
specimens  survived  past  10,000  fatigue  cvcles,  and 
one  lasted  bevond  100,000. 

Equipment: 

• Thin  film  fab  for  specimen  preparation. 

• Microtensile  test  apparatus. 
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MATERIALS  METROLOGY:  Electronic  Interconnection 


Stress  Voiding  and  Electromigration  Damage  in  Thin  Metal  Films 

Contact:  Robert  Keller,  (303)  497-7651,  bob.keller@nist.gov 

Publications:  Page  36 

Related  Work:  Harry  Schafft,  (301)  975-2234,  harry. schafft@nist.gov 


Microelectronics  technology  has  evolved  to  the 
point  where  metallizations  have  sub-micron  dimen- 
sions. As  a result,  failures  due  to  localized  phenom- 
ena such  as  stress  voiding  and  electromigration  are  an 
increasing  reliability  concern.  Stress  voiding  devel- 
ops during  microelectronics  processing  and  is  acceler- 
ated at  higher  temperatures.  Subsequent  electrical 
current  stressing  can  then  lead  to  additional  void 
formation  and  growth. 

Most  voidage  and  electromigration  investiga- 
tions emplov  accelerated  tests  to  approximate  in- 
service  conditions  and  address  issues  such  as  median 
time  to  failure  and  void  content.  More  recently, 
correlations  between  void  location  and  metallization 
geometry  have  been  made.  Interconnect  research 
examining  microstructural  variables  is  in  its  earliest 
stages,  and  localized  microstructural  information  is 
still  lacking.  In  addition,  in  situ  microstructural 
investigations  have  taken  place  to  refine  or  verify 
specific  model  predictions  related  to  the  role  of 
localized  diffusion  and  local  stresses  and  strains  in 
interconnect  failure. 

This  project  seeks  to  assess  the  role  of  crystallog- 
raphy in  the  development  of  local  stress  and  strain 


within  interconnect  lines  subjected  to  thermal  stress- 
ing and  high  current  density  testing.  Issues  such  as 
grain  boundary  geometry  and  orientation  are  consid- 
ered. The  project  uses  a backscatter  Kikuchi  diffrac- 
tion (BKD)  technique  in  the  scanning  electron 
microscope  to  determine  localized  crystallographic 
orientations  and  lattice  parameters,  both  of  which 
are  direct  reflections  of  the  stress  and  strain  states  of 
tire  metal  films.  The  technique  extracts  information 
from  small  regions  of  approximate  diameter  0.3  to 
0.5  /rm  (and  depths  0.05  to  0.1  pm),  using  de-passi- 
vated  metal  films  which  remain  on  bulk  substrates. 

Equipment: 

• High  spatial  resolution  BKD  camera  system  for 
scanning  electron  microscope  (under  construc- 
tion). 

• 30  kV  scanning  electron  microscope  equipped 
with  electron  detector  showing  high  sensitivity 
to  both  crystallographic  and  topographic  con- 
trast. 

• 200  kV  transmission  electron  microscope 
equipped  with  a scanning  unit  for  high  spatial 
resolution  chemical  and  diffraction  analyses. 
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Materials  Metrology  Assembly 


Lead-free  Solders 


NIST 


Contact:  Carol  Handwerker,  (301)  975-6158,  carol.handwerker@nist.gov 
Publications:  Page  37 

Related  Work:  Page  18 


Because  of  industrial  and  governmental  concern 
about  possible  hazards  from  lead  contamination  in 
the  environment,  identification  of  lead-free  solders 
has  become  a high  industrial  prioritv  and  technologi- 
cal challenge.  The  importance  of  this  challenge  was 
recognized  bv  the  high  prioritv  given  to  the  identifi- 
cation of  alternatives  to  lead-containing  solders  in 
both  the  semiconductor  and  electronic  interconnects 
technology  roadmaps. 

To  help  accelerate  the  development  of  lead-free 
alternatives,  the  National  Center  for  Manufacturing 
Sciences  (NCMS)  has  established  a lead -free  solders 
consortium.  The  objective  of  this  consortium  is  to 
develop  environmentallv  safe  alternatives  for  the 
leaci-based  solder  alloys  currently  used  for  electronic 
interconnections.  These  alternatives  must  meet 
stringent  manufacturing,  performance  and  environ- 
mental requirements  set  bv  industry . NIST  is  assist- 
ing this  industrv-based  development  program 
through  the  following  tasks: 


• determination  of  critical  tests  for  allov  develop- 
ment; 

• calculation  and  experimental  determination  ot 
multi-component  phase  diagrams  critical  for 
evaluating  candidate  allovs; 

• identification  of  new  alloys  for  evaluation  based 
on  phase  diagrams; 

• fabrication  of  candidate  allovs  for  testing  by 
consortium  members;  and 

• modeling  of  solder  wettabilitv  and  solderabilitv. 

Bv  providing  this  support,  NIST  is  helping  to 
significandv  reduce  tire  number  of  candidate  systems 
undergoing  full  industry  evaluation  within  the 
consortium. 

Equipment: 

• Allov  melting,  casting,  rolling,  and  atomization 
facilities 

• Differential  thermal  anaivsis. 

• Metallographic  analysis  including  optical  and 
electron  microscopy,  mechanical  properties 
testing  laboratory. 
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Materials  Metrology  Assembly 


Solder  Interconnect  Engineering 


NIST 


Contact:  Carol  Handwerker,  (301)  975-6158,  carol.handwerker@nist.gov 
World  Wide  Web:  http:/Avww. ctcms.nist.gov/programs 
Related  Work:  Page  18 


As  microelectronic  circuits  go  to  finer  pitches 
and  higher  I/O  counts,  open  circuits  and  solder 
"bridges",  in  which  short  circuits  form  between 
neighboring  interconnects  during  soldering  opera- 
tions. have  become  a major  problem.  Furthermore, 
the  use  of  surface  mount  technologv  and  area  arrav 
interconnects  has  increased  the  mechanical  and 
thermal  demands  on  solder  joints.  In  order  for  solder 
or  other  materials,  such  as  conductive  epoxies,  to 
satisfv  the  increasingly  high  demands  placed  on 
them,  design,  manufacturing,  and  reliabilitv  must 
become  integrated. 

This  NIST  project  is  working  with  numerous 
industry  and  university  partners  to  develop  a soft- 


ware tool  that  integrates  component  interconnect 
design,  solder  joint  manufacturing,  thermal  manage- 
ment, and  thermo-mechanical  reliability.  The  project 
is  comparing  the  applicability  of  various  algorithms 
to  predict  solder  joint  geometries  for  standard  geom- 
etries of  special  interest  to  industry.  These  algo- 
rithms will  be  used  to  predict  the  sensitivity  of  the 
design  to  variables  in  materials  and  manufacturing 
processes. 

Equipment: 

• Computer  facility  for  the  development  of  soft- 
ware tools  (consists  of  workstations  and  personal 
computers). 
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Materials  Metrology  Assembly 


Solder  Jet  Studies 


NIST 


Contact:  Frank  Gayle,  (301)  975-6161,  frank.gavle@nist.gov 

Related  Work:  Page  18 


The  printing  of  solder  patterns  onto  chips  or 
circuit  boards  using  ink  jet  printer  technology  is  a 
novel  means  to  avoid  cumbersome  screening  tech- 
niques and  environmentally  unfriendly  electroplating 
methods.  In  addition,  “solder  jet”  technology  is 
flexible  and  capable  of  verv  fine  pitch,  < 100  pm, 
between  solder  deposits.  These  capabilities  are 
needed  for  future  tine  interconnect  pitch  semicon- 
ductor packages. 

This  NIST  project  is  working  with  equipment 
manufacturers  and  a U.S.  solder  jet  consortium  to 
bring  solder  jetting  technology  closer  to  commercial 
reality.  In  this  project.  NIST  is  focusing  on  two 
primary  issues: 

• materials  compatibility  between  the  liquid  solder 
and  the  jetting  apparatus;  and 

• reactions  between  the  jetted  solder  and  the 
various  substrate  materials  used  in  microelec- 


tronic interconnects. 

Encompassed  within  the  scope  of  the  project  is 
tire  determination  of  requirements  for  reliable  solder 
jet  operation  and  joint  performance,  and  the  charac- 
terization of  solder  jet  deposits  with  a range  of  de- 
position conditions  and  substrates. 

Equipment: 

• Optical  metallography. 

• Scanning  electron  microscopy. 

• Windowless  energy  dispersive  spectroscopy. 

• Electrochemical  testing  and  characterization. 

• Allov  melting,  casting,  rolling,  and  atomization 
facilities. 

• Differential  thermal  analysis. 

• Metallographic  analysis  including  optical  and 
electron  microscopy. 

• Mechanical  properties  testing  laboratory. 


Electronics  Packaging.  Interconnection  and  Assembly  at  NIST:  Glide  and  Resoltlces 


IS 


NISTIR  5817 


Materials  Metrology:  Assembly 


Solderability  Measurements  and  Optimization 

Contact:  John  Manning,  (301)  975-6157,  manning@nist.gov 
Publications:  Page  37 

Related  Work:  Page  15,  16 


As  microelectronic  devices  become  smaller  and 
smaller,  tire  decreasing  size  of  the  solder  joints  places 
increasing  demands  on  the  soldering  process  itself. 
Good  first-pass  solderabilitv  and  establishment  of 
tests  to  predict  solderabilitv  before  committing 
components  to  the  production  line  are  therefore 
important  industrial  goals.  In  this  project,  NIST  is 
working  to  develop  solderabilitv  measurement 
techniques  that  help  reach  the  target  dimensions  for 
fine  pitch  and  area  array  interconnections  identified 
in  tire  technologv  roadmaps  for  semiconductors  and 
electronic  interconnects.  The  project  is  engaged  in 
three  primary  efforts: 

• improved  tests  for  solderabilitv; 

• effects  ot  intermetallic  formation  on 
solderabilitv;  and 

• statistical  analysis  of  new  steam  aging  test  as  an 
accelerated  test  for  solderabilitv. 

In  the  area  of  solderabilitv  testing,  NIST  scien- 
tists are  examining  the  physical  basis  for  the  wetting 
balance  test,  a commonly  used  test  for  solderabilitv, 
and  reasons  for  discrepancies  between  this  test  and 
actual  component  soldering.  In  addition,  alternative 


solderabilitv  tests  based  on  electrochemical  tech- 
niques are  being  examined  that  provide  more  repro- 
ducible measurements  of  initial  solderabilitv  and  the 
loss  that  can  occur  during  storage.  The  effects  of 
intermetallics  on  solderabilitv  also  are  being  investi- 
gated. 

To  optimize  solder  joint  design,  NIST  is  evaluat- 
ing solder  joint  manufacturability  and  reliability  by 
evaluating  wettabilitv  using  the  wetting-balance  test 
and  solderabilitv  degradation  through  accelerated 
aging  tests.  These  and  related  efforts  have  led  to  the 
development  of  a method  for  extracting  time- 
temperature-solder  contact  angle  data  from  wetting 
balance  and  area-of-spread  tests.  Using  this,  data  for 
groups  of  substrate/flux/solder  combinations  have 
been  generated  to  assist  the  design  of  soldering 
processes  and  to  evaluate  the  sensitivity  of  solder 
alloys  to  changes  in  flux.  This  work  is  linked  to  new 
steam  aging  tests  being  evaluated  for  solderabilitv 
testing. 

Equipment: 

• Wetting  balance. 

• Electrochemical  measurement  svstems. 
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Package-,  Assembly-level  Metrology:  Semiconductor  Packaging 


Metrology  for  Devices  and  Packages 


NIST 


Contact:  David  Blackburn,  (301)975-2068,  david.blackburn@nist.gov 

Publications:  Page  38 

Related  Work:  Page  22 


NIST  has  made  technical  and  leadership  contri- 
butions to  all  of  the  significant  microelectronic 
device  and  package  thermal  standards  now  in  use  in 
the  U.S.  In  this  project,  these  efforts  have  been 
expanded  to  include  the  development  of  improved 
methods  tor  characterizing  and  specifying  the  ther- 
mal and  electrical  properties  of  microelectronic 
packages  and  model  validation. 

In  the  thermal  arena.  NIST  has  developed  a 
model  for  the  steadv-state  surface  temperature  of 
multilaver  structures  with  an  arbitrary  number  ot 
layers.  This  new  code  is  particularly  appropriate  for 
studying  thermal  management  of  new  devices  and 
packages.  Motivation  for  this  work  comes  from 
dissatisfaction  with  existing  thermal  resistance 
specifications  that  do  not  take  the  detailed  device 
environment,  such  as  use  ot  a heat  sink,  forced  or 
natural  convection,  high  or  low  thermal  conductivity 
circuit  board,  etc.  into  account.  NIST  originally 
developed  tire  concept  of  “compact  thermal  models” 
and  has  subsequently  developed  a formalism  for 
implementing  this  concept  in  SABER™,  a commercial 
system  simulator  by  Analogs',  Inc.  Comprehensive 
thermal  characterization  procedures  and  facilities  at 


NIST  are  being  used  in  support  of  this  new  concept. 

In  the  electrical  arena,  NIST  is  concentrating  on 
the  metrology  required  to  extract  the  package 
parasitics  that  are  so  important  to  circuit  perfor- 
mance. Time  domain  reflectometrv  is  used  as  a 
complement  to  more  traditional  frequency  domain 
measurements.  The  ultimate  objective  of  this  effort 
is  to  provide  metrology  and  validation  support  for 
comprehensive  models  that  merge  package  electrical 
and  thermal  characteristics  with  those  already  exist- 
ing for  individual  chips. 

Equipment: 

• Thermal  analvsis  lab  (includes  scanning  IR 
microradiometer  for  surface  temperature  maps). 

• Interconnect  parameter  analvsis  system  for 
electrical  interconnect  analvsis. 

• Suit  Sparc20  workstations. 

• 3D  solid  (ANSYS,  PC3D)  and  computational 
fluid  dynamics  (FLOTRAN,  EE  Maryland  Code) 
modeling  and  simulation. 

• 3D  electrical  interconnect  modeling  (Technologs' 
Modeling  Associates  'Raphael'). 
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Package-,  Assembly-level  Metrology:  Electronic  interconnection 


Electrical  Characterization  of  Printed  Wiring  Board  Interconnects 

Contact:  Nicholas  Paulter,  (301)  975-2405,  nicholas.paulter@nist.gov 

Publications:  Page  38 
Related  Work:  Page  22 


Optimization  of  the  electrical  performance  of 
chip  interconnects  is  becoming  increasingly  impor- 
tant as  multichip  modules  see  greater  use  and  as  the 
gap  narrows  between  circuit  densities  of  the  printed 
wiring  board,  or  high  density  substrate,  and  that  of 
the  semiconductor  package.  Consequently,  readily 
available  and  easy  to  apply  methods  appropriate  to 
the  task  of  measuring  the  high  frequency  perfor- 
mance of  these  interconnects  are  needed. 

This  project  has  the  primary  focus  of  using 
pulse-measurement  technology  and  appropriate 
analysis  to  extract  electrical  information,  in  the  form 
of  either  time-  or  frequency-domain  parameters, 
pertaining  to  the  performance  of  printed  wiring 
board  interconnects.  The  time-domain  measure- 
ments yield  information  on  characteristics  such  as 
pulse  aberration,  delay,  attenuation,  impulse  re- 
sponse, and  cross-talk.  Through  a Fourier  transform 
analysis,  the  time-domain  information  provides 
frequency-domain  characteristics  such  as  dispersion, 
loss,  transfer  function,  and  scattering  parameters. 
This  approach  can  be  used  to  study  material  charac- 


teristics, electro-migration,  and  interconnect  perfor- 
mance within  the  package. 

Present  activities  have  focused  on  the  develop- 
ment of  a "factorv-floor"  measurement  technique  for 
determining  the  dielectric  constant  of  printed  wiring 
board  dielectrics  and  on  the  assessment  of  measure- 
ment uncertainty  and  stability.  The  work  is  being 
expanded  to  include  extraction  of  dielectric  loss  and 
identification  of  temperature  dependencies. 

Equipment: 

• High-speed  electrical  pulse  measurement  from 
DC  to  20  GHz:  consists  of  20  GHz  and  50 
GHz  oscilloscopes;  high-accuracy  2 GHz  sam- 
pling system;  high-bandwidth  pulse  generators; 
and  high-frequency  synthesizers. 

• PWB  CAD  and  simulation  (consists  of  sche- 
matic capture  and  routing  program 
[ PADS  -Perform  (TM)  by  PADS]  and  a 
Spice-based  circuit  simulator  [Analog  Work- 
bench by  Cadence]). 
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Package-,  Assembly-level  Metrology  Electronic  interconnection 


Evaluation  of  Wire  Bonding  Technology 


NIST 


Contact:  George  Harman,  (301)  975-2097,  george.harman@nist.gov 

Publications:  Page  38  


Wire  Bonding  is  the  most  pervasive  method  for 
interconnecting  microelectronics  chips  to  their 
packages.  Currently  there  are  about  4xl012  of  such 
interconnections  made  per  year.  The  nearest  com- 
peting interconnection  technologv  is  only  about 
2-4%  of  this  value. 

To  assist  industry  in  their  use  of  wire  bonding 


technologv,  NIST  is  working  with  other  laboratories 
in  evaluating  bonding  methods  to  soft  substrates  and 
multichip  modules,  as  well  as  investigating  methods 
to  enhance  the  application  of  wire  bonding  in  fine 
pitch  bonding.  In  addition,  the  second  edition  of  the 
bookReliability  and  Yield  Problems  of  Wire  Bonding  in 
Microelectronics  bv  G.G.  Harman  is  in  preparation  and 
scheduled  to  be  published  bv  McGraw  Hill  in  1996. 
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Package-,  Assembly-level  Metrology  Electronic  interconnection 


High-Speed  Electromagnetic  Metrology 


NIST 


Contact:  Roger  Marks,  (303)  497-3037,  roger.marks@nist.gov 

Dylan  Williams,  (303)  497-3138,  dvlan.williams@nist.gov 

Publications:  Page  39 

Related  Work:  Page  9,  1 1 , 20 


For  manv  years,  the  telecommunications  indus- 
try has  demanded  advances  in  metrology  for  radio 
frequency  and  microwave  electronics.  The  explosion 
in  the  sophistication  and  popularity  of  wireless 
communication  products  has  reinforced  this  trend . In 
the  meantime,  faster  processing  speeds  and  more 
stringent  signal  integrity  demands  have  presented  the 
digital  packaging  industry  with  similar  measurement 
requirements. 

This  project  is  focused  on  developing  and  dis- 
seminating electrical  measurement  methods  for  the 
accurate  electrical  characterization  of  interconnection 
and  packaging  structures  lor  high-speed  microelec- 
tronics circuits  and  of  radio  frequency  (RF)  and 
microwave  integrated  circuits.  Specific  activities 
include: 

• developing  improved,  accurate  calibration  and 
measurement  procedures  for  use  with  network 
analvzers  and  on-wafer  probe  stations; 

• modifying  time  domain  instruments  for  use  in 
frequencv-domain  package  characterization; 

• conducting  measurements  of  scattering  parame- 
ters. impedances,  and  transmission  line  parame- 
ters on  high  speed  interconnections; 


• developing  accurate  electrical  characterization 
methods  for  flip-chip  monolithic  microwave 
integrated  circuits  (MMIC)  circuit  elements,  in- 
cluding passive  components,  solder  joints,  and 
bridges; 

• developing  procedures  to  characterize  crosstalk; 

• developing  techniques  to  characterize  thin-film 
dielectrics  using  on-wafer  measurements; 

• disseminating  methods  by  distribution  of  mea- 
surement software; 

• fabricating  test  structures  for  use  in  experiments 
and  as  calibration  standards;  and 

• initiating  and  leading  industrial  standardization 
efforts. 

Equipment: 

• 40  GHz  vector  network  analyzer. 

• Time-domain  network  analyzer  system. 

• On-wafer  probe  stations. 

• Clean  room  facilities  for  processing  passive  GaAs 
and  Si  wafers. 

• Metallization  for  coplanar  waveguide  and 
microstrip  structures. 

• Reactive  ion  etching  for  via  lormation. 

• Microstrip  backside  processing,  including  wafer 
lapping  and  polishing. 
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Data  Exchange  Assembly 


Automated  Electronics  Manufacturing 


NIST 


Contact:  James  St. Pierre,  (301 ) 975-4124,  james.st.pierre@nist.gov 

Publications:  Page  41 

World  Wide  Web:  http://www.eeel.nist.g0v/8 1 1/eitg/aemp.html 


Product  standards  and  specifications  are  key 
enabler's  in  the  design,  manufacture,  documentation, 
procurement,  and  support  of  modern  electronic 
products.  Traditional  formats  for  capturing  designs 
and  manufacturing  information  are  rapidly  being 
replaced  bv  digital  formats  which  must  be  coiTect, 
complete,  unambiguous,  and  efficient.  To  realize 
wide-spread  use  of  interchangeable  electronic  prod- 
uct data,  the  development  of  adequate  information 
models  and  standards  that  unambiguously  express 
product  designs  and  that  “harmonize”  existing  data 
transfer  standards  are  required. 

This  NIST  program  assists  industry  in  the 
technical  development  of  neutral  product  data 
exchange  specifications  and  automation  frameworks 
for  tire  electronics  industry.  This  is  accomplished  bv 
providing  an  impartial  forum  in  the  form  of  a testbed 
to  resolve  conflicts  among  competing  and  conflicting 
standardization  efforts  within  the  electronics  indus- 
try, including  those  affecting  manufacturers  of 
packaged  semiconductor  devices  and  printed  waring 
boards,  and  those  who  need  these  parts  for  the 
design,  manufacture,  and  repair  of  electronic  svstenrs. 

Problems  being  addressed  in  this  effort  include 
lack  of  interoperability  between  tools:  information 
loss,  corruption  or  distortion  during  transfer  from 
svstem  to  system;  and  bvpassing  traditional  distribu- 
tion of  component  and  design  information  to  allevi- 
ate bottlenecks  in  the  design  process. 

Current  activities  undenvav  in  the  program 
include  the  following  tour  tasks. 

• Initial  Graphics  Exchange  Specification 
(IGES)  of  Layered  Electrical  Products  (LEP) 
Application  Protocol  (AP).  NIST  is  verv 
involved  in  the  technical  development  and 
evaluation  of  the  IGES  LEP  AP.  The  AP  is 
intended  to  represent  design  information  for 
layered  electrical  products  such  as  printed  circuit 
boards  and  multi-chip  modules  (MCM's).  This 
capability  will  enhance  the  ability  of  designers  to 


exchange  engineering  design  files  via  the 
Internet. 

• Computer  Integrated  Manufacturing  Frame- 
work (CIMF).  NIST  is  assisting  SEMATECH 
in  the  technical  and  business  development  of  a 
CIMF'.  When  instituted  within  the  semiconduc- 
tor industry,  CIMF  will  reduce  integration  costs 
for  new'  fabrication  facilities  and  shorten  lead 
times  for  getting  new'  products  to  market. 

• Microwave  and  Millimeter-wave  Advanced 
Computational  Environment  (MMACE). 

NIST  is  providing  technical  assistance  to  the 
Department  of  Defense  MMACE  project  bv 
helping  in  the  selection  of  the  most  appropriate 
protocol  technologies  for  their  application  and 
bv  contributing  to  the  development  of  software 
prototypes  and  educational  tools.  MMACE  is  a 
Tri-Service  effort  to  develop  a comprehensive 
computational  design  environment  for  micro- 
wave  power  tubes  that  uses  Internet  ftp,  telnet, 
X Windows,  and  WWW  protocols  to  link 
collaborators  in  diverse  locations. 

• Standard  for  the  Exchange  of  Product  Model 
Data  (STEP)  Application  Protocol  210 
(AP210).  NIST  has  been  verv  active  in  the 
development  and  evaluation  of  STEP  AP210. 
The  intent  of  AP210  is  to  represent  printed 
circuit  assemblies  (PCAs)  and  printed  circuit 
boards  (PCBs)  in  a means  consistent  with  other 
STEP  AP's,  and  allow'  PCB  and  PCA  design  data 
to  be  incorporated  into  the  life  cycle  design  flow 
of  large  systems  consisting  of  electrical  and 
mechanical  components. 

Equipment: 

• Computer  testbed  for  testing  electronic  product 
data  exchange  standards,  engineering  frame- 
works, and  conformance  testing  of  related  stan- 
dards. 
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ADVANCED  TECHNOLOGY  PROJECTS 

Materials 


Low  Dielectric  Foams  for  Microelectronics  Applications 


Participants:  IBM  Corp.  San  Jose,  CA 

Industry  Contact:  Michael  Ross,  (408)  927-1283 

ATP  Contact:  John  Gudas,  (301)  975-32  14,  john.gudas@nist.gov 


The  long-term  trend  in  microcircuits  to  get 
smaller,  denser,  and  faster  with  each  generation  is 
approaching  some  serious  roadblocks.  One  is  the 
need  for  improved  electrical  insulating  materials.  The 
speed  of  a signal  pulse  in  a conductor  is  partially  a 
function  of  the  properties  of  the  insulator  around  it, 
in  particular  tire  insulator's  dielectric  constant  — the 
lower  the  dielectric  constant,  the  faster  the  pulse 
propagates.  Increased  switching  speeds  in 
microcircuits  and  denser  packing  of  circuits  both 
require  conductor  lines  to  be  moved  closer  and  closer 
together.  But  the  conductors  have  to  be  far  enough 
apart  to  avoid  inducing  signals  in  each  other  — so- 
called  "cross-talk"  — which  also  depends  on  how  low 
the  dielectric  constant  of  the  insulator  can  be 
pushed.  Vacuum  is  the  ideal  insulator,  and  air  is 
almost  as  good,  but  neither  is  particularly  practical 
for  commercial  devices.  For  real  applications,  the 
designer  wants  a lowr-densitv  material  which  is  able 
to  withstand  the  high  processing  temperatures 
associated  with  the  manufacture  of  devices,  and  has 
a thermal  expansion  coefficient  close  to  that  of  the 


substrate. 

IBM  has  developed  some  organic  polvmers  with 
carefully  controlled  structures  that  meet  the  needs 
for  insulators  in  current-generation  devices  but  are 
inadequate  for  the  systems  predicted  to  emerge  in 
the  next  decade.  For  those  devices,  IBM  is  developing 
unique  polvmer  insulating  foams  with  dielectric 
constants  below  2,  and  thermal  and  mechanical 
properties  equivalent  to  the  best  current  polvmer 
insulators.  The  newr  foams  will  have  closed-cell  pores 
on  a molecular  scale.  Three  possible  routes  for 
producing  these  novel  "nano-foams"  are  being  pur- 
sued and  evaluated.  IBM  is  collaborating  with  the 
Virginia  Polvtechnic  Institute,  Exfluor  Research,  and 
Sandia  National  Laboratoiy  in  earning  out  the 
research  and,  if  successful,  will  transfer  the  technol- 
ogy to  U.S.  vendors. 

Start  Date:  March  1993 
End  Date:  February  1996 
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Materials 


Ultra-low  K Dielectric  Materials  for  High  Performance  Interconnects 


Participants:  Texas  Instruments  Dallas,  TX 

Industry  Contact:  Sheree  Fitzpatrick,  (214)  995-2984 

ATP  Contact:  Ronald  Marquardt,  (301)  975-5440, 
ronald.marquardt@nist.gov 


Miniaturization  of  features  has  enabled  steadv 
improvements  in  circuit  speed  and  functional  integra- 
tion of  high-performance  integrated  circuits  (ICs). 
But  further  progress  is  threatened  bv  the  limitations 
inherent  in  current  interconnect  technology.  The 
problem  is  that,  as  feature  size  decreases  beyond  a 
certain  point,  the  delav  caused  bv  the  interconnects 
impedes  IC  performance. 

To  overcome  this  problem,  Texas  Instruments  is 
seeking  to  integrate  novel  dielectric  (electrically 
insulating)  materials  into  on-chip  interconnects,  and 
to  employ  an  innovative  device  structure  in  order  to 
shorten  the  typical  10-year  cvcle  for  introducing  new 


materials  into  semiconductor  processing.  The  ATP 
project  will  demonstrate  the  integration  of  both 
amorphous  Teflon®  (a  polymer)  and  silicon-dioxide- 
based  xerogel  (a  low-density  material)  into  a semi- 
conductor process  How.  Bv  accelerating  the  develop- 
ment of  new  interconnect  technology  and  the  com- 
mercial use  of  new  materials,  the  project  could  give 
U.S.  industry  leadership  in  the  high-performance 
segment  of  the  projected  $200  billion  worldwide 
semiconductor  market  by  the  vear  2000. 

Start  Date:  March  1995 
End  Date:  Februarv  1998 
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Semiconductor  Packaging 


Flip  Chip  Monolithic  Microwave  Integrated  Circuit  Manufacturing 


Participants:  Hughes  Aircraft  Company  Torrance,  CA 

Industry  Contact:  Ken  Conklin,  (310)  517-6536 

ATP  Contact:  Thomas  Leedv,  (301)  975-2410,  thomas.leedy@nist.gov 


Wireless  systems  - particularly  for  personal  data 
communications  - may  be  the  next  big  wave  in 
consumer  electronics.  Already  there  are  an  estimated 
7 to  9 million  cellular  telephone  subscribers  in  the 
U.S.,  and  industry  analysts  expect  a similar  explosion 
in  wireless  data  systems  based  on  pocket-sized 
personal  computers  bv  the  end  of  the  decade.  Other 
rapidly  developing  wireless  technologies  include 
geographic  tracking  and  information  systems  for 
vehicles,  and  "personal  radar"  collision-avoidance 
systems  for  cars  and  trucks.  Compact,  efficient, 
affordable  microwave  transmitters  and  receivers  will 
be  essential  to  these  applications. 

One  of  the  most  promising  technologies  is  based 
on  monolithic  microwave  integrated  circuits 
(MMICs),  which  basically  do  for  microwave  circuits 
what  the  integrated  circuit  did  for  transistors  and 
resistors:  create  dense,  complex  miniaturized  devices. 
Current  MMIC  chips  present  severe  manufacturing 
problems,  which  drive  up  costs.  They  are  built  on 
substrates  of  gallium  arsenide  (GaAs)  and  require 
complex  processing  on  both  sides  of  the  chip.  To 
improve  heat  conduction,  the  chips  must  be  quite 
thin  — approximately  100  microns  — which  makes 
them  fragile  and  unsuitable  for  automated  assembly. 
The  larger  MMIC  chips  required  for  tomorrow's 
advanced  applications  are  even  more  fragile  and 


difficult  to  work  with. 

Hughes,  a leader  in  MMIC  research,  is  working 
to  solve  these  problems  bv  adapting  the  "flip-chip" 
technology  for  silicon  ICs  to  GaAs  MMIC  chips.  On 
flip  chips,  the  contacts  used  to  connect  the  chip  to  a 
circuit  board  are  put  on  the  surface  of  the  chip,  along 
with  all  the  circuit  elements.  The  contacts  are  raised 
slightly  higher  than  the  rest  of  the  chip  features,  and 
the  chip  is  flipped  upside  dowm  to  fasten  to  the 
circuit  board  (hence  the  name).  MMIC  flip  chips,  in 
principle,  will  be  much  cheaper  to  make,  cheaper  to 
use,  and  more  reliable. 

Flip-chip  mounting  is  not  new',  at  least  to  the 
silicon  industry,  but  flip-chip  processing  for  GaAs  ICs 
is  just  beginning  to  emerge  from  the  laboratory,  and 
much  research  and  development  still  needs  to  be 
done.  High  risk  areas  include:  the  mechanical 
integrity  of  unsupported  air  bridge  interconnections; 
unsubstantiated  design  rules  and  circuit  modeling 
elements  for  flip  chip  processing;  a demonstration  of 
the  vield  of  the  new'  process;  and  establishing  the 
reliability  of  units  made  using  the  process. 

Start  Date:  January  1994 
End  Date:  December  1 995 


Electronics  Packaging,  Interconnection  and  Assembly  at  NIST:  Glide  and  Resources 


NISTIR  5817 


27 


Electronic  Interconnection 


Printed  Wiring  Board  Interconnect  Systems 


Participants:  National  Center  for  Manufacturing  Sciences  (NCMS), 
Ann  Arbor,  Ml 

Industry  Contact:  Edward  Miller,  (3 13)  995-0300 

ATP  Contact:  Thomas  Leedy,  (301)  975-2410,  thomas.leedy@nist.gov 


Printed  wiling  boards  (PWBs)  are  often  over- 
looked in  discussions  of  microchips  and  other  ad- 
vanced electronic  components,  but  they  form  the 
backbone  of  virtually  every  electronic  product, 
proriding  connections  between  individual  electronic 
devices.  Although  to  date  PWB  technologv  has  kept 
pace  with  the  increased  speed  and  complexity  of 
microelectronics,  it  is  approaching  fundamental 
limits  in  materials  and  processes  that  must  be  over- 
come if  the  U.S.  industry  is  to  maintain  a competi- 
tive position.  (The  EhS.  share  of  the  $25  billion 
world  market  dropped  from  42  to  29  percent  in  3 
vears.) 

Members  of  the  NCMS  consortium,  including 


AT&T,  Texas  Instruments,  the  Digital  Equipment 
Corporation,  and  Hamilton  Standard  Interconnect, 
Inc.,  are  working  with  the  Sandia  National  Laborato- 
ries (U.S.  Dept,  of  Energy)  to  develop  a more  consis- 
tent epoxy  glass  material  with  improved  mechanical 
characteristics  for  PWBs,  improved  processes  and 
process-control  techniques  to  produce  more  reliable 
solder  connections,  improved  methods  and  technolo- 
gies for  fine-line  imaging  on  the  boards,  and  a better 
technical  understanding  of  the  chemistry  underhung 
key  copper-plating  processes.  Nine  hundred  LJ.S. 
firms  in  the  PWB  industry  could  benefit. 

Start  Date:  April  1991 
End  Date:  April  1996 
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Electronic  Interconnection 


Scalable  High-Density  Electronics  based  on  Multifilm  Modules 


Participants:  The  American  Scaled-Electronics  Consortium,  Taunton, 
MA  

Industry  Contact:  Dr.  Jack  P.  Salerno,  (508)  824-6696 

ATP  Contact:  Thomas  Leedy,  (301)  975-2410,  thomas.leedv@nist.gov 


A constant  challenge  in  the  electronics  industry 
is  to  pack  more  semiconductor  devices  into  smaller 
spaces.  Miniaturization  enhances  the  value  and 
allows  lighter,  more  powerful  products  - laptop 
computers,  for  example.  However,  attempts  to 
increase  greatly  the  scale  of  circuit  fabrication  have 
been  accompanied  by  unacceptable  defect  levels. 
When  a single  integrated  circuit  fills  an  entire  wafer, 
Helds  become  far  too  low  to  be  commercially  accept- 
able. A possible  alternate  approach  is  to  continue  to 
make  smaller-scale  devices,  where  quality  control  is 
easier  and  Helds  are  acceptably  high,  but  to  pack  the 
completed  circuits  closer  together. 

Kopin  Corporation,  the  coordinator  of  The 
American  Scaled-Electronics  Consortium  (TASC), 
has  developed  the  technology  to  fabricate  thin-film 
circuits  on  single-crystal  silicon  substrates,  and  then 
detach  tire  circuit  from  the  substrate  in  a film  onlv  a 
few  microns  thick  which  can  then  be  transferred  to 
an  alternate  substrate.  TASC  goal  is  to  extend  this 


technolog}'  to  complex,  multicircuit  modules.  Multi- 
ple thin-film  circuits  could  be  laminated  on  a glass 
substrate,  for  example,  as  part  of  a compact  display 
device.  Even  more  challenging,  several  thin-film 
circuits  could  be  stacked  atop  each  other  to  form 
extremely  dense,  three-dimensional  circuit  packages. 
To  achieve  this,  tire  thin-film  circuit  technology  must 
be  meshed  with  methods  to  position  components 
with  micron-scale  alignment,  a suitable  technolog}' 
deHsed  for  connecting  the  individual  circuits,  and  an 
adhesive  developed  to  bond  the  devices  together.  All 
of  these  have  been  studied  by  the  Microelectronics 
and  Computer  Technolog}'  Corporation  (MCC)  and 
their  member  companies,  which  make  up  the  balance 
of  TASC.  A test  of  the  multi-film  module  technology 
was  to  fabricate  a large-area  active  matrix  flat-panel 
display  with  on-board  drivers  and  logic  on  a glass- 
based  substrate. 

Start  Date:  September  1992 
End  Date:  September  1995 
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Assembly 


A Product-Family-Based  Framework  for  Computer  Integrated  Manufacturing 


Participants:  IBM  Corporation  Charlotte,  NC 

Industry  Contact:  Sue  Parliament,  (407)  443-8753 

ATP  Contact:  Barbara  Goldstein,  (301)  975-2304, 
barbara.goldstein@nist.gov 


In  the  nearly  trillion  dollar  electronics  industry, 
speed  and  agilitv  often  determine  success  in  a mar- 
ketplace that  renders  new  products  obsolete  within 
months.  Computer-integrated  manufacturing  is  kev 
to  responding  quickly  to  market  opportunities  and 
competitive  challenges.  But  with  an  estimated  85 
percent  of  installed  CIM  software  developed  in- 
house,  upgrades  and  other  svstem  changes  are  an 
onerous  task.  Much  of  the  bottleneck  is  at  the 
production  end,  where  specific  applications  often  are 
isolated  from  other  processes  or  are  linked  bv  spe- 
cially written  computer  codes.  As  a consequence, 
changing  an  application's  software  requires  costlv, 
time-consuming  reprogramming  efforts.  Eliminating 
incompatibilities  in  manufacturing  and  business 
software  could  trim  production  lead  times  bv  40  to 
60  percent. 

IBM  is  tackling  this  problem  with  a bottom-up 
approach  bv  creating  an  automation  tool  suite, 
enabling  commercial  software  vendors  to  rapidly 
develop,  maintain,  and  join  families  of  interoperating 
products — sets  of  manufacturing  and  business  appli- 
cations that  work  together  and  can  be  updated  in 
parallel.  With  collaborators  front  the  Elniversitv  of 
North  Carolina  in  Charlotte,  and  in  consultation 


with  its  customers  and  software  suppliers,  IBM  is 
working  to  devise  a reference  model  to  guide  devel- 
opment of  interoperable  products,  made  bv  individ- 
ual vendors  or  by  alliances  of  software  suppliers  that 
establish  their  own  voluntary  standard  within  the 
framework  so  that  they  can  provide  families  of 
products  targeted  to  specific  processes  or  tvpes  of 
manufacturers. 

IBM's  tool  suite  includes,  for  example,  "re- 
engineering assistants"  for  updating  and  linking  pre- 
existing "legacy"  software  and  a "workbench"  for 
specifying  and  documenting  how  products 
interoperate  and  for  maintaining  that  interoperability 
over  successive  generations  of  products.  The  highly 
automated  tools  should  reduce  much  of  the  manual 
programming  labor  now'  required  to  create  interacting 
applications,  thereby  lowering  cost  barriers  that  deter 
commercial  vendors  from  developing  software  for  the 
factory  floor.  At  the  end  of  the  project,  IBM  will 
demonstrate  a prototype  family  of  manufacturing 
applications  for  assembling  and  testing  electronic 
cards. 

Start  Date:  February  1 995 
End  Date:  November  1996 
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Solder  Jet  Technology  Development 


Participants:  MicroFab  Technologies,  Inc.  Plano,  TX 

Industry  Contact:  David  B.  Wallace,  (214)  578-8076 

ATP  Contact:  Gerald  Ceasar,  (301)  975-5069,  gerald.ceasar@nist  .goy 


Trends  in  consumer  electronics  towards  smaller 
size,  lighter  weight,  and  greater  power  and  complex- 
ity all  are  straining  today's  electronic  packaging 
technologies.  In  response,  manufacturers  have 
developed  a variety  of  innovative  packaging  svstems 
that  pack  greater  and  greater  functionality  and 
components  in  less  and  less  space.  But  these  high- 
densitv  components  require  equally  high-densitv 
methods  for  soldering  the  leads  to  circuit  board 
contacts.  At  present,  the  solutions  involve  complex, 
expensive,  and  time-consuming  processes  including 
photolithography  and  (for  very  demanding  situa- 
tions) vapor  deposition,  etching,  or  plating. 

MicroFab  Technologies  is  pursuing  an  elegant 
alternative  — "write"  the  solder  patterns  on  circuit 
boards  with  the  high-temperature  equivalent  of  an 
ink-jet  printer.  MicroFab  specializes  in  unusual 
applications  of  ink-jet  technolog)',  and  their  prelimi- 
nary research  suggests  that  the  basic  concept  could 
be  applied  to  deliver  fine  molten  drops  of  solder  to 
circuit  boards  rapidlv  and  with  precise  control.  The 
proposed  "solder  jet"  would  be  far  more  flexible  than 
anv  existing  soldering  system  - probablv  driven 


directly  from  CAD  images  of  the  solder  pattern  - 
thus  greatly  reducing  prototype  and  development 
time.  It  would  also  allow  manufacturing  techniques 
that  are  impossible  or  unfeasible  with  current  tech- 
nologv,  such  as  localized  replacement  of  solder  on 
boards  (for  rework  or  custom  connections),  deposit- 
ing solder  in  different  thicknesses  on  the  same  board 
(components  differ  in  the  amount  of  solder  required 
for  the  best  connection),  or  using  more  than  one  tvpe 
of  solder  on  the  same  board  (temperature-sensitive 
components  could  be  attached  with  lower-tempera- 
ture solder  after  other  components  already  are  in 
place.) 

Project  objectives  include  the  development  of 
"solder  jet"  dispensers  for  both  low-  and  high- 
temperature  solders  capable  of  producing  50  microm- 
eter droplets  on  demand  at  rates  up  to  4,000  per 
second,  and  prototype  electronic  assembly  equip- 
ment using  the  dispensers. 

Start  Date:  January  1994 
End  Date:  December  1996 
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APPENDIX  I:  ABBREVIATIONS 


AMP 

Advanced  Materials  Program 

NBS 

National  Bureau  of  Standards 

ANA 

automatic  network  analvzer 

NCMS 

National  Center  for  Manufacturing 

AP 

application  protocol 

Sciences 

ATP 

Advanced  Technology  Program 

NIST 

National  Institute  of  Standards  and 

BKD 

backscatter  Kikuchi  diffraction 

Technology 

CAD 

computer  aided  design 

NMR 

nuclear  magnetic  resonance 

CIM 

computer  integrated  manufacturing 

NSMP 

National  Semiconductor  Metrology 

CIMF 

computer  integrated  manufacturing 

Program 

framework 

OIDA 

Optoelectronics  Industry  Development 

CTE 

coefficient  of  thermal  expansion 

Association 

DC 

direct  current 

PCA 

printed  circuit  assembly 

FTIR 

Fourier  transform  infra-red 

PCB 

printed  circuit  board 

GaAs 

gallium  arsinide 

PWB 

printed  wiring  board 

IEEE 

Institute  of  Electrical  and  Electronics 

RE 

radio  frequency 

Engineers 

SEM 

scanning  electron  microscope 

ICES 

Initial  Graphics  Exchange  Specification 

SEMATECH 

Semiconductor  MANUFACTURING 

IPC 

Institute  for  Interconnecting  and  Pack- 

TECFInologv 

aging  Electronic  Circuits 

SEMI 

Semiconductor  Equipment  and  Materi- 

ISHM 

International  Society  for  Hybrid  Mi- 

als International 

croelectronics 

Si 

Silicon 

niu 

Interconnection  Technology  Research 

SIA 

Semiconductor  Industry  Association 

Institute 

SRC 

Semiconductor  Research  Corporation 

LCR 

inductance,  capacitance,  resistance 

STEP 

Standard  for  the  Exchange  of  Product 

LEP 

layered  electrical  product 

Model  Data 

MCC 

Microelectronics  and  Computer 

TASC 

The  American  Scaled-Electronics 

Technology  Corporation 

Consortium 

MCM 

multi-chip  module 

TMA 

thermal  mechanical  analvzer 

MMACE 

microwave  and  millimeter-wave  ad- 

U.S. 

Elnited  States 

vance  computational  environment 

WWW 

World  Wide  Web 

MMIC 

monolithic  microwave  integrated  cir- 

cuits 
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APPENDIX  II:  COLLABORATIONS 


Industry 


AMP 

Allied  Signal  Laminate  Systems 
Analogs' 

ArlonCorp. 

AT&T  Bell  Laboratories 
AT  &T/Richmond 
Cascade  Microtech,  Inc. 

DELCO  Electronics 
Dielectric  Labs 

Digital  Equipment  Corporation 
Dow  Chemical  Co. 

ECI  Technologies 
Eastman  Kodak 
Edison  Welding  Inst. 

Ford  Microelectronics  Inc, 

Ford  Motor  Company 
General  Electric  Company 
General  Photonics  Corp. 

Hamilton  Standard  Intemational/UTRC 
Harris  Semiconductor 
Hughes  Microelectronics 
Hughes  Aircraft  Company 
IBM/Endicott 

MicroFab  Technologies,  Inc. 

Motorola 

National  Semiconductor  Corp. 

Plaskon,  Inc. 

Rockwell  International 
Rockwell  Science  Center 
Rogers  Corporation 
TRW  Inc. 

Taconic  Plastics 
Tektronix,  Inc. 

Texas  Instruments/Austin 
Texas  Instruments/Dallas 
Trans-Tech 
Llniversal  Instruments 


Rensselaer  Polytechnic 

State  University  of  New  York  at  Binghamton 

Tel  Aviv  University,  Tel  Aviv,  Israel 

LIniversity  of  Arizona 

University  of  Colorado 

LIniversity  of  Delaware 

LIniversity  of  Greenwich 

LIniversity  of  Maryland 

Llniversitv  of  Massachusetts 

LJniversitv  of  Texas  at  Austin 

Llniversitv  of  Wisconsin 

Government  Agencies 

National  Aeronautics  and  Space  Administration 
Jet  Propulsion  Lab 

Naval  Surface  Warfare  Center  - Crane  Division 
U.S.  Department  of  Energy,  Sandia  National 
Laboratories 

LkS.  Air  Force,  Newark  Air  Force  Base 
LJ.S.  Air  Force,  Rome  Laboratories 

Consortia,  Standards  Bodies, 
Associations,  Other 

ELA/JEDEC  Committee  JC-15 
IPC 

IPC  Steam  Aging  Task  Group 

ISHM 

ITRI 

MCC 

NCMS 

SEMATECH 

SEMI 

SEMI/SEMATECH 

SRC 


Academia 


Cornell  University 

Georgia  Institute  Of  Technology 

Lehigh  University 

Loughborough  University  of  Technology 
Marquette  University 
Purdue  University 
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